ABSTRACT An assessment of the insect guild structure associated with immature and mature eastern hemlock, Tsuga canadensis (L.) Carriè re, at high and low elevations was made before the invasion by the hemlock woolly adelgid, Adelges tsugae (Annand), and elongate hemlock scale, Fiorinia externa Ferris. Guild dynamics were determined among 243 insect species associated with eastern hemlock in the southern Appalachians. Detritivore, hematophage, herbivore, fungivore, parasitoid, predator, scavenger, and transient guild assignments were made. The herbivore and transient guilds were subdivided into chewers, sapsuckers, ßower feeders, pollen feeders, pollen/nectar/sap feeders, and seed feeders. A signiÞcant association was found between guilds on immature and mature hemlocks at low elevations, but no signiÞcant association was found at high elevations. There was also a strong association of phytophagous insects on immature hemlocks and scavengers on mature hemlocks. The observed transient, scavenger, and predator guilds had a signiÞcantly lower cooccurrence among species indicating segregation of the species within these guilds. The herbivore guild had a signiÞcantly higher co-occurrence among species than the simulated index indicating aggregation of species within this guild across sites. Detritivore, hematophage, and parasitoid guilds did not differ signiÞcantly from the simulated community. These results document a diverse and dynamic insect community on eastern hemlock before invasion by hemlock woolly adelgid and elongate hemlock scale.
Insects have been coevolving with plants since the mid-to late Mesozoic (Erhlich and Raven 1964) . The resulting biodiversity forms unique communities of arthropod assemblages associated with speciÞc trees. These communities can be subdivided into guilds to better understand trophic relationships within a speciÞc tree community. For the purpose of this paper, guild is deÞned as "a group of species that exploit the same class of environmental resources in a similar way" (Root 1967) . Guild structure analysis provides a way to examine the functional roles of species living in a particular community and a method by which to compare communities.
Trees provide model habitats for a range of studies in community ecology (Moran and Southwood 1982, Crawley 1983) . Several studies have focused on insect communities and their association with a speciÞc tree (Southwood 1961 , Schowalter et al. 1981 , Moran and Southwood 1982 , Schowalter 1989 , Winchester 1997 , as well as the proportionality of guilds among trees in temperate and tropical forests (Moran and Southwood 1982 , Stork 1987 , Winchester 1997 , Schowalter and Ganio 1998 . Eastern hemlock, Tsuga canadensis (L.) Carrieré , serves as a model tree to study insect community ecology because it can be clearly delimited and deÞned. Trees in general are structurally complex and provide numerous niches for arthropods to occupy (Lawton 1978 , Strong and Levin 1979 , Moran and Southwood 1982 .
Eastern hemlocks are a vital component of biological diversity and economical and environmental stability, within their geographic range (Buck 2004) . Eastern hemlock is an imperative cover species for turkey, ruffed grouse, snowshoe rabbit, and other animals (Jordan and Sharp 1967) , is a vital foliage resource for deer in the winter (Lapin 1994) , and is correlated to avian community composition (Tingley et al. 2002) . Eastern hemlocks also serve as a key component of riparian habitats, lowering stream temperature and providing a stream environment conducive to Þsh (Evans 2002 , Snyder et al. 2004 ). Economically, eastern hemlock forests contribute to the tourism industry in eastern Tennessee (Travel Industry Association 2006), support production of over four million cubic feet of timber annually, and are components of nursery stock worth millions of dollars (Woodsen 2001) . Some 292 species of insects were collected in association with eastern hemlock in the southern Appalachians (Buck 2004 , Buck et al. 2005 . This study provides a biodiversity baseline before disturbances caused by the invasion of exotic pests, such as the hemlock woolly adelgid, Adelges tsugae (An-nand) (Hemiptera: Adelgidae), and elongate hemlock scale, Fiorinia externa Ferris (Hemiptera: Diaspididae), or the application of broad-spectrum insecticides used to control these exotics.
Species assemblage within guilds can be aggregate, segregate, or random. These patterns of co-occurrence within guilds can be quantiÞed using null models, which have been extensively used in community ecology to address a variety of issues such as cooccurrence, niche overlap, and guild assemblage (Gotelli and Graves 1996, Gotelli 2000) . The primary objective of a null model is to obtain randomized data from a known source pool and statistically compare the observed community with randomized communities. This model provides the opportunity to quantify and compare the pattern of co-occurrence among guilds. Few tree studies have formally examined guild structure and the effects tree age (immature trees, diameter at breast height [dbh] Ͻ20 cm; and mature trees, dbh Ͼ20 cm) and elevation have on guild structure. The objectives of this study were to (1) determine guild structure, dominance, and guild composition of the insects found in association with eastern hemlock in the southern Appalachians, (2) identify signiÞcant associations among guild structure and immature or mature trees at high and low elevations, and (3) quantify co-occurrence patterns among guilds using a null model (Gotelli and Entsminger 2001) .
Materials and Methods

Study
Sites. An initial study by Buck (2004) Methods. Based on the morphology, location, and size of the trees within the sites, the malaise trap was selected as the tool to sample the associated insect fauna in the canopy of eastern hemlock. Because light traps tend to attract insects to the tree, we excluded this method of trapping. Three trees were selected at each of the four sites for Malaise trap sampling. Malaise traps (60 by 60 by 60 cm) were constructed using PVC pipe, covered with polyester netting, and placed in the canopy of each tree. Two collecting units were fastened to each trap: a plastic cup (120 ml) that contained 30 Ð 60 ml of 50% propylene glycol (Sierra) and water and a pan (15 cm wide by 65 cm long by 12 cm deep) attached to the bottom of the trap containing 900 Ð1,000 ml of 50% propylene glycol and water. Pitfall traps were established at two trees per site with two traps per tree. A shallow hole (Ϸ8 cm deep) was dug into the ground in each of the cardinal directions. Pitfall traps were constructed using two plastic cups (60 mm wide by 65 mm deep with 120-ml volume). One cup was placed inside the other for collecting and ßood reduction (the outer cup had a drainage hole). The inner cup was Þlled with a 50% mixture of propylene glycol and water. Plexiglass covers with 90Њ directional fans were placed at ground level above the pitfall traps. Malaise and pitfall samples were collected biweekly. Direct sampling and visual observations also were made biweekly (15Ð20 min/tree) by handpicking, sweep-netting, and beat sheeting (four beats per tree, one in each of the cardinal directions). Insects were preserved and identiÞed using taxonomic keys or voucher specimens located in the University of Tennessee Insect Museum. Specialists examined specimens the authors could not identify.
From the insect lists compiled by Buck (2004) and Buck et al. (2005) , an extensive literature search was made to obtain information regarding the feeding habits of 243 of the species collected from the four test sites in the Great Smoky Mountains National Park. Insect species were assigned a guild based on primary feeding habits at the stage of development when they were collected. Information regarding feeding habits of each species on the list was compiled into an Excel database. Species where no information on their feeding habits was available were recorded as unknown. The following eight guildsÑ detritivore, fungivore, hematophage, herbivore, parasitoid, predator, scaven-ger, and transientÑare recognized in this study. The herbivore guild is deÞned as those insects that feed directly on eastern hemlock. Thus, those herbivore species that have no association to eastern hemlock other than being attracted to the tree for shelter or opportunistic substance are classiÞed as transients (Moran and Southwood 1982) . Despite their limited use of the tree, transients are still important components of the food web, functioning as prey for predators, etc., in the tree. The herbivore guild and transient guilds contain insects with a variety of feeding habits and were divided into seven subguilds: chewers, ßower feeders, pollen feeders, pollen/nectar/sap feeders, sapsuckers, seed feeders, and unknown. The exotic or native status of each species also was determined.
Data Analysis. EstimateS (Colwell 2005) Chao1 was used to determine species richness estimates for each guild with 95% conÞdence limit (CL). Percent composition was determined for each subguild. A PearsonÕs 2 test was used to assess frequency of species within guilds in immature and mature growth types of eastern hemlock. To determine any association between immature or mature trees and guilds when controlling for high or low elevations, a three-way categorical model was used. The Cochran-MantelHaenszel (CMH) test for general association was assessed using SAS PROC FREQ procedure (SAS Institute 2004). A null model was established to test for co-occurrence among guilds. The null hypothesis was that species co-occur within guilds randomly. Because signiÞcant associations were noted between tree age and guild when controlling for elevation, the null hypothesis was rejected. Therefore, the Mantel-Haenszel 2 test was used to evaluate the guilds associated with immature and mature eastern hemlock at high and low elevations.
Data were organized into a presenceÐabsence matrix and imported into ECOSIM 7.0 guild module. In addition to mean C-score analysis, each guild was individually analyzed in the co-occurrence module. A ÞxedÐÞxed null model algorithm was used so that totals were retained in the simulation with 5,000 iterations. The C-score index of Stone and Roberts (1990) was used to quantify co-occurrence because of its minimal chance of type I and type II errors relative to other indices (Gotelli 2000) . The C-score index "quantiÞes the average amount of co-occurrence among all unique pairs of species in the assemblage" (Gotelli and Entsminger 2001) .
Results and Discussion
Of the 243 total observed species, transients had the highest number of observed species represented (117), followed by scavengers (56), predators (26), detritivores (18), herbivores (10), parasitoids (6), hematophages (2), and fungivores (1) (Fig. 1) . Three observed species have unknown feeding records, and four species do not feed as adults; thus, guild assignments were not made for these seven species. Chao1 species richness estimates (n ϭ 424 species) for guilds ( Fig. 1) infer the transient guild had the highest mean estimate (234), followed by the scavenger (78), predator (65), detritivore (24), herbivore (12), parasitoid (8), and hematophage guilds (3). Only one species representing the fungivore guild was collected, and a species richness estimate could not be made. The number of specimens of the herbivore, parasitoid, and hematophage guilds would be expected to increase as more trapping methods and sampling dates are used to target these taxa.
Specimen abundance (n ϭ 2,479) represented within each guild followed the same trend as species richness for each guild identiÞed, with the exception of the fungivore and hematophage guilds. Specimen abundance within each guild was transient (817), scavenger (633), predator (550), detritivore (209), herbivore (140), parasitoid (121), fungivore (7), and 
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Chao1 mean species richness estimate Observed number of species hematophage (2). The predator and parasitoid guilds represented 27.1% of the insect specimens identiÞed.
The percentages of species comprising speciÞc guilds on eastern hemlocks varied from that found on other coniferous trees (Schowalter 1989 , Winchester 1997 , Schowalter and Ganio 1998 (Table 1) . Guild composition has been found to be relatively consistent in proportional representation across different tree species (Moran and Southwood 1982, Stork 1987) . However, differences were found in the proportional representation when the guilds on eastern hemlock were compared with those on other coniferous tree species. These Þndings were more similar to those reported by Schowalter and Ganio (1998) (Winchester 1997) . The herbivore guild on eastern hemlock was lower compared with that reported for Douglas Þr, grand Þr, Sitka spruce (Winchester 1997), western hemlock, and western red cedar (Schowalter and Ganio 1998) . The predator guild was lower on eastern hemlock than on either Douglas Þr, grand Þr, or Sitka spruce, but higher than on western hemlock and western red cedar. The parasitoid guild on eastern hemlock was slightly higher than that on Douglas Þr, grand Þr, western hemlock, and western red cedar, but less than that on Sitka spruce. The detritivore guild was lower on eastern hemlock than on Douglas Þr, grand Þr, and western hemlock, but higher than on western red cedar or Sitka spruce (Table 1) . No hematophage guild or fungivore guild was reported in these other studies. The importance of hematophagous insects in this community is not known; however, the community of vertebrates that use eastern hemlocks may provide an opportunity to blood feeders.
The dominant species (those with highest number of specimens collected) within the guilds ranged from 11% in the herbivore guild (10 species) to 100% for the fungivore group (only 1 species). Several dominant species are important components of the community structure. For example, the scavenger Geotrupes hornii Blanchard (Coleoptera: Geotrupidae) has been documented feeding on dung and fungus, whereas the detritivore species Nicrophorus defodiens Mannerheim and N. orbicollis Say (Coleoptera: Silphidae) are burying beetles that feed on carrion, constituting an important role in the soil sequestration process by breaking down decomposing carcasses. Also, the predator Sphaeroderus stenostomus nr. lecontei Dejean (Coleoptera: Carabidae) feeds primarily on snails on the forest ßoor. In addition, a sap-feeding nitidulid, Glischrochilus sanguinolenta (Olivier) (Coleoptera: Nitidulidae), was determined to be the most dominant herbivore observed within this community. Predators and parasitoids represented 13.1% of the species identiÞed. Because hematophagous insects feed on blood, their association with eastern hemlock is more closely associated with the wildlife that uses eastern hemlock than with the host tree itself.
Exotic species were represented by only one species in the transient guild, Diabrotica undecimpunctata howardi Barber (Coleoptera: Chrysomelidae). The transient guilds contained the subguilds: chewers, ßower feeders, pollen feeders, pollen/nectar/sapfeeders, sapsuckers, and seed-feeders (Fig. 2) . Dominant transient species represented from 24 to 74% of the subguild populations. Insects that were designated as a seed-feeder represented 1% of the herbivore guild. However, 6% of the transient species did not have sufÞcient information concerning their feeding habits to make subguild determinations.
The herbivore guild contained two subguilds: chewers and sap-suckers. The overall percentage of individual specimens within the herbivore guild (5.1) was lower than the transient (33.5), scavenger (25.5), predator (22.2), and detritivore (8.4) guilds. The herbivore guild had a strong association (19.9), whereas the scavenger guild had a weak association (Ϫ19.3), with immature eastern hemlocks (PearsonÕs 2 ϭ 18.60, df ϭ 7, P ϭ 0.0049). However, a reverse association occurred in mature eastern hemlocks. In older a These data were reported as mean numbers of individuals per kilogram dry plant material for Sitka spruce (Winchester 1997) and Douglas Þr, grand Þr, western hemlock, and western red cedar (Schowalter and Ganio 1998) .
b Percent of species collected. Ñ, not reported.
stands with dominant mature eastern hemlocks, more leaf litter, fungal, and detrivorous materials are present, producing an environment more conducive to scavengers. Because the CMH test for general association indicated a strong and signiÞcant association between growth type (immature or mature) and guild (CMH ϭ 17.83, df ϭ 7, P ϭ 0.0067, ␣ ϭ 0.05), the null hypothesis was rejected when controlling for elevation. Thus, the guild association was effected by elevation.
Because there was a strong and signiÞcant association between immature and mature trees and guild when controlling for elevation, the MH 2 test was used to analyze immature and mature trees by guild at high (1,149 m) and low (760 m) elevations. No signiÞcant association between immature or mature trees and guilds (MH 2 ϭ 0.1997, df ϭ 1, P ϭ 0.6550, ␣ ϭ 0.05) at high elevations was found; however, there was a signiÞcant association between immature and mature trees and guilds at low elevations (MH 2 ϭ 10.71, df ϭ 1, P ϭ 0.0011, ␣ ϭ 0.05). The strong association of guild at low elevation may be because of a higher biodiversity resulting in more species Þlling niches contributing to a more stable habitat. These types of associations represent an area in need of further research because few studies have addressed the issue of elevation, and none addressed it with regard to the eastern hemlock. The percent of individuals within the guilds varied on immature and mature trees and elevation (Table 2) . Of the eight guilds, only the scavenger, detritivore, and fungivore species were higher on immature trees at higher elevations. However, a higher percentage of species was present for scavengers and predator guilds on immature trees at lower elevation.
The observed co-occurrence index (0.605) was signiÞcantly (P Ͻ 0.05) smaller than the simulated cooccurrence index (0.762). This signiÞcantly lower cooccurrence index infers a higher frequency of unique species pairs within guilds. This may indicate species within guilds co-occur more frequently than by random chance, so the guilds are overall more aggregated than expected by chance alone. Independently, guild C-scores inferred aggregation, segregation, and random assemblage (Fig. 3) . Detritivore, hematophage, and parasitoid guilds did not differ signiÞcantly (P Ͼ 0.05) from the simulated community. The observed scavenger (0.888), transient (0.811), and predator (0.553) guilds had a signiÞcantly lower (P Ͻ 0.05) level of co-occurrence among species, indicating segregation of the species within these guilds across sites. The observed herbivore (0.714) guild had a signiÞcantly higher (P Ͻ 0.05) level of co-occurrence among species than the simulated index indicating aggregation of species within this guild across sites. The composition and number of species identiÞed representing a variety of guilds infer a diverse assemblage of species and a dynamic insect community structure before disturbance by the invasive hemlock woolly adelgid and elongate hemlock scale and subsequent use of chemical controls. These two invasive species can and do coexist on eastern hemlock and have the potential to drastically alter the guild structure within these communities (McClure 1980) . The low number of exotics and herbivorous insects creates open niches for invaders, such as the hemlock woolly adelgid and elongate hemlock scale, to become successful. The success of these two introduced insects at colonizing new trees has been highly documented and is evident in the decline of eastern hemlock throughout most of the northeastern United States. Lack of preinvasion data has made impact studies challenging. Sanders et al. (2003) showed the impact of the invasive argentine ant Linepithema humile (Mayr) (Hymenoptera: Formicidae) on native ant communities, but few studies have pre-and postinvasion data from which to compare impact.
Although hemlock woolly adelgids occur on western hemlocks in the northwestern states, its impact on tree health is minimal (McClure and Cheah 1999, Havill et al. 2006) , unlike the effect it has on eastern hemlock. In a comparison of the guild structure of these two communities, a higher number of parasitoids and predators were recorded on eastern hemlock relative to western hemlock (Schowalter and Ganio 1998) . However, variations in guild structure may be attributed to differences in sampling time and methods used in the various studies. Such predators may have the potential to reduce adelgid and scale insect populations. A higher occurrence of herbivores was found on western hemlock (Schowalter and Ganio 1998), which may help balance adelgid populations as a result of competition among the species for food and space. Now that the hemlock woolly adelgid is established in eastern Tennessee, these Þndings will serve as a preinvasion guideline for which postinvasion data can be compared for the insect fauna. n.s. Fig. 3 . The C-score index for observed and simulated guilds within the Great Smoky Mountains National Park. *P Ͻ 0.001. **P Ͻ 0.05. n.s., no signiÞcant differences for the average number of simulated or observed unique species pairs within a guild at four sites in the Great Smoky Mountains National Park.
